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Abstract 
Timing of breeding in seasonal environments is important in population dynamics, but it is 
not always known what cues mammals  use to time breeding. In northern deer mice 
(Peromyscus maniculatus) at Kananaskis, Alberta, Canada, early seasonal births are related 
to overwinter protein supplementation. It is not however known if natural variation in diet 
quality has the same effect. I hypothesized that yearly winter arthropod availability would 
influence yearly spring breeding. I predicted that the mean date of initiation of breeding in 
the population would be related to overwinter diet quality, indicated by 
15
N enrichment of 
hair of overwintering adults. Mouse hair was collected between 2004 and 2011 and analyzed 
for carbon and nitrogen isotopic compositions. Initiation of breeding varied significantly 
among years but there was no relationship to stable isotopic composition. Thus, factors other 
than the availability of arthropods appear to affect the initiation of spring breeding. 
Keywords 
Peromyscus maniculatus, seasonal breeding, initiation of breeding, protein, stable isotopes, 
hair, arthropods, mushrooms, carbon, nitrogen. 
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Introduction 
Seasonal environments occur where there are annual cyclical fluctuations in food 
abundance, water and temperature (Goldman 2001, Pyter et al. 2005, Zubidat et al. 2009, 
Walton et al. 2011, Walton et al. 2012). At northern latitudes, seasonal environments 
cause mammals  to be constrained to a short time period of optimal food and temperature 
in which to raise young and influence population growth (Fournier et al. 1999, Tabacaru 
et al. 2009, Bieber et al. 2012). Timing of initiation of breeding is important to this 
process, as young that are born earlier in the spring have more time to establish in the 
population before winter. Suboptimal spring weather, however, can result in the death of 
early-born offspring, leading to potential population decline (Millar 2007). Individuals in 
seasonal populations often vary the time at which they give birth (timing of parturition) 
among years in order to match this inter-annual change in conditions (Millar and 
Herdman 2004, , Post and Forchhammer 2008, ), but the cues that are used to determine 
the optimal yearly time for mating and parturition have not been fully explained. 
A general cue to begin mating appears to be daylength. Mammals either mate during long 
days in the spring or short days in the fall, depending on the length of pregnancy before 
optimal food availability (Elliott and Goldman 1981, Wingfield and Kenagy 1991, 
Yoshimura 2010).  Mammals such as deer (family Cervidae) and sheep (Ovis aries) that 
have gestation periods of approximately 6 months are short-day breeders ( Sarlos et al. 
2013, Yoshimura 2010).   Small mammals and those with gestation periods longer than 
one year are long-day breeders  (Elliott and Goldman 1981, Yoshimura 2010). Proximal 
cues that mammals  use to time breeding  include temperature, food phenology, food 
quality, chemical cues and predator abundance. For examples, caribou (Rangifer 
tarandus) use cues related to plant growth (Post and Forchhammer 2008), and both red 
squirrels (Tamiasciurus hudsonicus) (Boutin et al. 2006) and montane voles (Microtus 
montanus) (Berger et al. 1981) appear to use chemical stimuli of food that predicts its 
future abundance. Both food and predation appear to affect breeding in bank voles 
(Myodes glareolus) (Haapakoski et al. 2012), with a stronger influence of food quality. 
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In many small mammals, food supplementation experiments have found that food 
quantity and quality can play a significant role in regulating population dynamics (Taitt 
1981, Boutin 1990, Adler 1998, Banks and Dickman 2000), and the initiation of seasonal 
breeding (McAdam and Millar 1999, Desjardins 2002). In red squirrels, mothers who 
were supplemented with peanut butter bred an average of 18 days earlier and produced 
offspring that survived longer and had higher fecundity over those who were not 
supplemented (Kerr et al. 2007). McAdam and Millar (1999) found that deer mouse 
(Peromyscus maniculatus) populations supplemented with animal protein in the form of 
cat food during the breeding season resulted in earlier maturation of young, a higher 
proportion of young-of-year breeders, and higher fall population densities. Earlier 
seasonal breeding also occurred when deer mouse populations were supplemented over-
winter with a high quality protein food source (cat food) (Desjardins 2002). Similar 
effects were found in the bank vole (Myodes glareolus) (Ylonen and Eccard 2004, Eccard 
and Ylonen 2006, Haapakoski et al. 2012). The quality of naturally-occurring protein 
sources and how it varies among years, however, has not been studied. If it does vary 
among years and has the same relationship as supplemented protein to timing of initiation 
of breeding, the importance of natural food quality as a cue in influencing initiation of 
breeding in small mammals could be established. 
Determining the natural diet of small mammals is difficult due to their size and often- 
nocturnal or subterranean lifestyles (Miller et al. 2008, Robb et al. 2012). Stomach 
content analyses (e.g. Jameson 1952, Larsson 1977, Wolff et al. 1985, Robb et al. 2012) 
require sacrifice of the animals and are not 100% reliable because they only provide a 
snapshot of the diet at the time of consumption, when tiny fragments of food are not 
always identifiable (Jameson 1952, Miller 2008), or some food may have been digested 
too quickly to be present (Robb et al. 2012). Scat analysis is another means of diet 
analysis but only proportions of the diet that were not fully digested can be distinguished 
in scat and therefore it is also not accurate (Jameson 1952, Crawford et al. 2008). 
Stable isotope analysis provides another way of studying changes in diet quality 
(Crawford et al. 2008, Miller et al. 2008, Tabacaru et al. 2009, Robb et al. 2012). The 
stable isotopic compositions of food consumed are assimilated into animal tissues such as 
hair, which can then be collected non-invasively for analysis. Stable isotopic 
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compositions are described by the ratio of heavy to light isotopes for a given element. For 
dietary analysis, the isotopic ratios of nitrogen (
15
N/
14
N) and carbon (
13
C/
12
C) are 
measured in living tissues and potential food sources. The stable isotopic ratios of carbon 
and nitrogen are denoted by the differences in ratios of the heavy to light isotopes in the 
sample (Rsample) relative to a standard (Rstandard), and are expressed in delta (δ) notation in 
parts per thousand (‰) (Peterson and Fry 1987; Coplen 2011): 
δ = [(Rsample/Rstandard)-1]. 
Atmospheric nitrogen (AIR) is the standard for nitrogen (Ehleringer and Rundel 1989) 
and VPDB (Vienna PDB is a replacement of the original standard, PDB, which was 
derived from the PeeDee Formation belemnite) is the standard for carbon (Coplen 1994). 
Enrichment in the heavy isotope or depletion in the light isotope relative to the standard 
are denoted by positive δ-values, whereas the opposite pattern is denoted by negative δ-
values. Differences in the isotopic composition (δ-values) between two related samples 
(within the same food chain) are defined by the term “fractionation”. Fractionation is 
denoted by a big delta (∆) with the example that follows pertaining directly to its usage in 
this thesis: 
∆13Ctissue-diet = δ
13
Ctissue ˗ δ
13
Cdiet. 
The isotopic ratios of tissues change at regular increments across trophic levels. There 
tends to be enrichment in 
15
N of 3-5‰ in tissues relative to diet (DeNiro and Epstein 
1981, Crawford et al. 2008), which is believed to be a result of preferential excretion of 
14
N relative to 
15
N in urine (Peterson and Fry 1987 Sponheimer et al. 2003, Lee et al. 
2012). Thus, organisms at higher trophic levels such as consumers (animals) will always 
have greater 
15
N enrichment than the primary producers (plants) that they consume 
(Peterson and Fry 1987, Crawford et al. 2008). Trophic level enrichments in 
13
C are 
smaller than observed for 
15
N. The carbon isotopic composition of animal tissues is 
largely determined by the relative abundances of C3 and C4 plants consumed by an 
animal, and there is little (~1 ‰) or no fractionation when carbon is assimilated into 
tissues. The δ13C values of C3 plants typically range from –33 to –22 ‰ (average of –
27.8 ‰, Peterson and Fry 1987); the range for C4 plants is approximately –20 to –10 ‰ 
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(Bender 1971, Smith and Epstein 1971) with an average of –13‰ (Peterson and Fry 
1987). The macromolecule composition of tissues also affects their carbon isotopic 
compositions. Lipids, for example, are significantly depleted of 
13
C relative to other 
compounds (DeNiro and Epstein 1978).  
Deer mice are an excellent model to study population effects of food quality using stable 
isotopic analysis due to their small size, high abundance, widespread range of habitat 
types and omnivorous diet. The deer mouse is common throughout North America, and 
has been well-studied over the past 20 years in the subalpine region of the Canadian 
Rockies (Millar and Innes 1983, Millar and Innes 1985, Sharpe and Millar 1990, 
McAdam and Millar 1999, Millar and Herdman 2004, Tabacaru et al. 2009, Tabacaru et 
al. 2011). In the Kananaskis Valley of the Rocky Mountains, deer mice appear to be the 
dominant small mammal (Millar and Innes 1983), though within this area, their preferred 
habitat is talus and rockfield (Miller et al. 1985). Based on prior stomach content 
analyses, deer mice eat seeds, berries, fungi and arthropods (Jameson 1952, Wolff et al. 
1985, Bellocq and Smith 1994). There is little other information on the natural diet of P. 
maniculatus because this species is nocturnal and active under winter snowpack when 
they cannot be observed. Interestingly, the highest number of arthropods in stomach 
contents was measured during the spring (Jamieson 1952), the time at which the energetic 
costs of reproduction and lactation require extra protein intake (Robbins 1983).  
The deer mouse breeding season is particularly short in Kananaskis (Millar et al. 1979), 
and the timing of birth can affect the ability of young to access open territories and reach 
maturity in the summer of their birth (Millar and Gyug 1981, McAdam and Millar 1999). 
This is a key factor determining whether they breed as young of the year and further 
boost population size (McAdam and Millar 1999). The breeding season in Kananaskis 
occurs between May and August (Millar and Innes 1985) and most females begin 
conceiving in May (Teferi and Millar 1993) with a maximum of three litters per year 
(Millar and Innes 1983). Gestation of first litters in this area is 24 days long and optimal 
food should be available upon parturition if mothers conceive in May or June (Millar 
1985).  
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In this region, mean date of initiation of breeding of the deer mouse population has varied 
among years (Millar and Herdman 2004) and has not been related to several factors 
including yearly mean temperatures (Millar and Herdman 2004), density and parasite 
load (Sadleir 1974), though yearly precipitation amount and its seasonal distribution may 
affect nestling survival (Kalcounis-Rueppell 2002). 
In addition to food supplementation studies (McAdam and Millar 1999, DesJardins 
2002), nitrogen isotope analysis of tissue grown at different times of the year has 
suggested that P. maniculatus has lower quality protein in its diet in winter than summer 
(Tabacaru et al. 2009). In this study I wanted to determine if protein quality also varied 
among years. I then wished to determine if this variation was related to timing of 
initiation of breeding. Protein quality would thus be the first documented factor to affect 
initiation of breeding in this species. 
In this thesis I tested the hypothesis that yearly winter arthropod availability would 
influence yearly spring breeding. I predicted that the mean date of initiation of breeding 
in the population would be related to overwinter diet quality, indicated by 
15
N enrichment 
of hair of overwintering adults. I also predicted that the mean date of initiation of 
breeding across years would not be related to enrichment in 
13
C as its enrichment does 
not change with diet quality. 
Hair tissue reflects diet from the time it was formed because it is metabolically inert 
thereafter, and turnover via moulting does not occur for more than 120 days (Miller et al. 
2008). For example, adult hair collected in the spring contains an average isotopic 
representation of the winter diet because a major moult in the population does not occur 
between winter and spring (Tabacaru et al. 2011). In juveniles, hair begins to moult at 
about 44 days of age and is completely replaced by day 60 (Miller et al. 2008). 
Additionally, hair of juveniles collected before they undergo their first moult is a good 
indicator of the mother’s diet in the spring because nutrients are shunted directly into 
milk that juveniles consume while growing their first coat at that time (Miller et al. 
2008). Thus, I collected hair from overwintered adults to use in my stable isotopic 
analysis, and also collected hair from juveniles to determine spring diet quality. 
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In this study I was also able to establish a catalogue of the stable isotopic compositions of 
potential food sources as a baseline for interpreting the isotopic data collected for mouse 
hair. Many samples of potential diet sources were collected during this study, with a 
focus on below-ground arthropods and fungi for several reasons. First, there was prior 
knowledge that deer mice consume arthropods and fungi (Jameson 1952, Wolff et al. 
1985). Second, prior isotopic data was available for some potential food sources that 
included above-ground arthropods, seeds and plants (Ansell 2008, Tabacaru et al. 2009). 
Third, there was an assumption that mice would be foraging below the ground in winter 
and would have access primarily to below-soil arthropods (especially larval) and fungi 
compared to other food sources during the winter months. 
Soil arthropod δ13C values in the literature range from –32.4 to –22.5 ‰ and δ15N values 
from –2.9 to +12.6 ‰ (Tabacaru et al. 2010, Bennett and Hobson 2009, Scheu and Falca 
2000). The carbon isotopic compositions lie within the range of C3 plants. The nitrogen 
isotopic compositions span several trophic levels, reflecting the fact that some arthropods 
consume other arthropods. Previously reported δ13C values for fungi range from –29.2 to 
–22.0 ‰; their δ15N values vary from –3 to +11 ‰ (Hogberg et al. 1999, Hobbie et al. 
1999, Kohzu et al. 1999). These carbon isotopic compositions also lie within the range of 
the C3 plants. The nitrogen isotopic compositions contain more trophic levels than 
observed for the arthropods, likely because fungi decompose a range of organic material 
and hence should be enriched in 
15
N relative to their diet, which could represent many 
trophic levels.  
Methods 
Study site and sampling 
I collected field data at the Biogeosciences Institute of the Canadian Rockies and 
Foothills in the Kananaskis Valley, Alberta, Canada  (51
o
N, 115
o
W) (Fig. 1) between 
May and August of 2010 and 2011. I also had access to the same data collected from 
2004-2009. The Kananaskis Valley has a boreal climate, with vegetation that includes 
aspen (Populus tremuloides), montane fir (Pseudotsuga menziesia), white spruce (Picea 
glauca), Engelmann spruce (Picea engelmannii), lodgepole pine (Pinus contorta),  
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Figure 1. Map of the Kananaskis Valley in relation to Calgary, AB, with a marker (A) 
over the Biogeosciences Institute of the Canadian Rockies and Foothills, the field station 
where the study was based.  Barrier Lake is located approximately 86.8 km west of 
Calgary. The study grids were located in close proximity to this site. Map obtained from 
Google Maps. 
subalpine fir (Abies lasiocarpa) and larch (Larix lyallii) (Millar and Innes 1985). 
Vegetation flourishes primarily in June and July when temperatures can range between 
approximately 6 and 22
o
C (Millar and Innes 1983). Below-freezing temperatures 
typically occur from October to April (Millar and Innes 1983).  
I monitored the local deer mouse population by live-trapping on two trapping grids close 
to the Biogeosciences Institute, in locations known as Grizzly Creek and Fortress 
Mountain, which are of similar habitat (riparian, white-spruce dominated) and elevation 
(1625-1730 m). Specific locations of these grids in relation to the Biogeosciences 
Institute are shown in Figure 2. Each grid contained 30-40 Longworth live-traps that were 
being used for other long-term population studies and were subsequently used for this 
project. The grid at Grizzly Creek was laid out in six rows of seven traps with 
approximately 20 meters between each trap. The grid on Fortress Mountain had two rows 
of 20 traps with approximately 20 metres between each. Trapping was conducted on each 
grid one-to-two times per week from May-September, which was sufficient to monitor 
individual reproductive status and timing of births over the course of the season (Millar 
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Figure 2: Map of Kananaskis Valley, modified from Miller et al. (1985). Letter “A” 
marks the location of the Biogeosciences Institute, “B” indicates the Fortress Mountain 
grid and “C” indicates the Grizzly Creek grid.  
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and Herdman 2004). Traps were baited with cotton bedding and a mixture of sunflower 
seeds and oats. They were set at approximately 1830 h and checked at 0630 h the 
following morning in accordance with animal care protocols (Appendix A, Government 
of Alberta Research Permit # 48209, Government of Alberta Collection License #47867). 
Hair was collected by clipping a sample of approximately two cm in diameter from the 
rump (Miller et al. 2011) of the mouse in May and June, which is a sufficient amount to 
later grind into a fine powder in accordance with the requirements of the isotopic analysis 
protocols (Tabacaru et al. 2010, Miller et al. 2008, Ansell 2007). May and June were 
chosen as the time of year in which to collect hair samples because it was more likely that 
winter diet would still be reflected in the adult hair samples before individuals moulted 
later in the season (Tabacaru et al. 2011).    
I ear tagged the animals so that I could distinguish each individual when I caught them to 
track their reproductive status and subsequent parturitions of young, as well as avoid 
pseudo-replication of hair samples. A swollen abdomen and noticeable weight gain over 
the course of three weeks indicated the first pregnancy of a female in the season (Sharpe 
and Millar 1991, Teferi and Millar 1993, Millar and Herdman 2004), and was usually 
followed by a sudden mass loss of at least 4 g at parturition. With this information I was 
able to determine the first parturition date of many females and obtain a mean first 
parturition date of the population within a season. Because all grids could not be trapped 
every day because of time constraints, parturitions were not always observed on the day 
that they occurred. However, first parturition date of each pregnant female could be 
determined in several other ways. If a pregnant female was greater than 35 g at capture, 
parturition date was considered to be the following day, as mice do not tend to get 
heavier than 35 g before parturition (Millar and Innes 1983, Millar and Herdman 2004).  
If the female was pregnant and < 35 g on the date of capture, and not pregnant upon the 
following capture (mass loss of 4 g or more and/ or presence of swollen nipples 
indicating lactation), parturition date was calculated as the midpoint between the last 
capture as pregnant and the first capture as lactating (Millar and Herdman 2004). If a 
female had not been identified as pregnant but had a mass loss of > 4 g upon capture and 
had gained lactating status she was also classified as having given birth at the midpoint in 
time between last capture and current capture. 
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Mean annual first parturition date was obtained by determining the average of all 
parturitions within 30 days of the first individual parturition. This ensured that second 
pregnancies of individuals were not included in the sample (Millar and Herdman 2004). 
Post-partum gestation (second pregnancy) is approximately 4 weeks long (Millar 1989) 
and thus it was unlikely that second parturitions would be included in the first 30 days of 
the first individual parturition.  
Sex of individuals was verified upon each capture to determine if there were differences 
in diet quality between them. This was a possibility because males are less territorial than 
females and may thus have a more variable diet (Ansell 2007). I also monitored the age 
of individuals (adult; overwintered, or juvenile; first summer) in order to test for 
differences in diet depending on if hair was grown in the winter or spring. Age was 
determined by coat colour and mass. The first coat of juveniles is grey (Kalcounis-
Rueppel 2002), and they usually weigh less than 15 g (Millar and Herdman 2004). Adults 
have a brown dorsal coat (Kalcounis-Rueppel 2002) and they generally weigh more than 
15 g.   
To evaluate the isotopic composition of possible food sources for deer mice, I collected 
in-soil arthropod and mushroom samples between May and August 2011. Soil arthropods 
were first collected once weekly on each grid using a soil corer that I constructed with 
PVC tubing and an iron rod affixed crosswise for a handle to push the tube into the soil. 
The length of tubing pushed into the ground was 10 cm and the tubing was 5 cm in 
diameter (Harte et al. 1996). I collected six samples of this size at a regular distance 
interval on each trapping grid to get an estimate of the arthropod types throughout the 
grid. This number of samples was chosen because there were six Tullgren Funnels to use 
at a time for arthropod collection from the soil in-lab.  The soil samples collected in the 
core were transported from the trapping grids in plastic bags to the Biogeosciences 
Institute of the Canadian Rockies and Foothills in Kananaskis for arthropod extraction. 
Sites where the arthropod density was found to be highest on each grid in the initial core 
samples were then sampled in multiples of six (as above) as frequently as possible for the 
remainder of the summer to increase the amount of arthropod matter available for 
isotopic analysis. 
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Arthropods were extracted from the soil into 90% ethanol for storage using a Tullgren 
funnel, with heat of 150W applied to the soil for 3 days, as per Murphy (1962). 
Mushrooms were collected opportunistically on each grid and air dried in-lab. They were 
then stored in newspaper to prevent resorption of moisture as per Arora (1986). Order 
and, where possible, family of each arthropod was identified using Marshall (2007). The 
genus of each mushroom sample was identified using Phillips (2005). 
The carbon and nitrogen isotopic compositions of hair, arthropod and mushroom samples 
were analyzed at the Laboratory for Stable Isotope Science (LSIS) at The University of 
Western Ontario in London, Ontario, Canada. Sample preparation and analysis followed 
the LSIS protocols reported earlier by Ansell (2007), Miller et al. (2008) and Tabacaru et 
al. (2010). Hair was soaked for 24 hours in a 2:1 chloroform: methanol solution and 
rinsed in the same solution to remove impurities and surface oils. The remainder of this 
solution was then removed using a suction pipette, and hair was left for 3 days to dry in a 
fume hood. The ethanol solution in which the arthropods were stored was also removed 
using a suction pipette and the same drying method was used. Dried hair, arthropod and 
mushroom samples were ground to a fine consistency using a mechanical grinder, the 
110V Wig-L-Bug™, supplied by REFLEX Analytical Corporation. About 0.5 mg of 
powder produced from each sample was then loaded into individual tin capsules in 
preparation for stable isotopic analysis. The carbon and nitrogen isotopic compositions 
were obtained by combustion to CO2 and N2 gas, respectively, using an elemental 
analyzer (model ECS 4010, supplied by Costech Instruments) coupled to a stable isotope 
ratio mass spectrometer (Thermo FinniganDelta
plus
 XL) in continuous flow (He) mode.  
The δ13C values of samples were calibrated to VPDB using either the standards ANU-
Sucrose (IAEA-CH-6) (accepted value: –10.45 ‰) and NBS-22 (accepted value: –30.03 
‰) or USGS-40 (accepted value: –26.39 ‰) and USGS-41 (accepted value: +37.63 ‰). 
Internal keratin and either USGS40 and USGS41 or IAEA-CH-6 and NBS-22 standard 
reference materials were analyzed independently of the calibration curve to monitor 
precision and accuracy. These calibrations produce the prescribed value of δ13C = +1.95 
‰ for NBS-19 (Coplen 1994). A δ13C value of –24.1 ± 0.07 ‰ was obtained for 38 
measurements of the laboratory keratin standard (accepted value: –24.04 ‰), –26.5 ± 0‰ 
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was obtained for 2 measurements of USGS-40 (accepted value: –26.39 ‰), +37.7 ± 0.2 
‰ for 3 measurements of USGS-41 (accepted: +37.76 ‰), –10.5±0.16 ‰ for 17 
measurements of ANU-Sucrose (IAEA-CH-6) (accepted: –10.45 ‰) and –30.0 ± 0.05 ‰ 
for 4 measurements of NBS-22 (accepted: –30.00 ‰). Sample reproducibility for all 
tissues was ±0.10 ‰ for δ13C (27 replicates).  
The δ15N values were calibrated to atmospheric nitrogen using either USGS-40 (accepted 
value –4.52 ‰) and IAEA-N2 (accepted value: +20.30 ‰) or USGS-40 and USGS-41 
(accepted value: +47.57 ‰). Internal keratin and international USGS-41 and IAEA-N2 
reference materials were analyzed independently of the calibration curve to monitor 
analytical precision and accuracy. A δ15N value of +6.35±0.18 ‰ was obtained for 37 
measurements of keratin (accepted value: +6.36 ‰), +47.1±0.3 ‰  for 4 measurements 
of USGS-41 (accepted: +47.57 ‰) and +20.5±0.2 ‰ for IAEA-N2 (accepted: +20.30 
‰). Sample reproducibility for all tissues was ±0.07 ‰ for δ15N (27 replicates). In 
summary, the carbon and nitrogen isotopic results obtained for international and internal 
standards over the range of analytical interest were all well within the accuracy (±0.2 ‰) 
expected for such measurements, and the reproducibility achieved for both standards and 
samples was much better than the expected variation of  ±0.2 ‰. 
Statistical Analyses 
I recorded the grid on which all mice were captured and initially tested further variables 
separately by grid in case unforeseen differences in habitat occurred between them 
(Sharpe and Millar 1991), which could cause differences in diet (Ansell 2007). 
All statistical analyses were conducted using R™ 2.14.1 statistical software with the 
Rcmdr package. All t-tests in this study were Welch’s t-test, which assumes unequal 
variances between samples (Forthofer et al. 2007). Weighted degrees of freedom using 
this test are calculated automatically in R™ using the formula:  
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Where df = degrees of freedom, s
2 
= variance, and Ni = the sample size of each group 
tested (Forthofer et al. 2007) 
When possible, yearly mean first parturition dates for the Fortress and Grizzly grids were 
compared using a Welch’s t-test to determine if the grids differed in any year. Due to 
sample sizes this was only possible in 2011. When the grids did not have significantly 
different mean first parturition dates or low sample sizes, they were pooled to increase 
the sample size of yearly mean first parturition dates. A one-way ANOVA was used to 
determine differences in mean first parturition date among all years. Linear regression 
was used to determine if there was an increasing or decreasing trend of mean first 
parturition date across years that may be related to climatic variables (Millar and 
Herdman 2004). 
When both isotopic compositions and parturition dates were available for individual 
females within a year, a linear regression was used to test if there was a relationship 
between these factors for these individuals. This was used to determine if individual 
overwintering diet quality affected parturition date of an individual female in any year. 
Welch’s t-test for independent samples was used to determine if either the carbon or 
nitrogen isotopic signatures differed within each trapping grid depending on sex. Where 
no significant differences in isotopic compositions were found, sexes were pooled to 
increase sample sizes, for further comparisons within grids. 
Welch’s t-test for independent samples was used to determine if the carbon or nitrogen 
isotopic signatures differed between grids in each year. This test was conducted 
separately for adults and juveniles, given the assumption that the isotopic signatures of 
adult and juvenile hair differed as they were  grown at different times of the year. A one-
way ANOVA was then used to determine the differences of both δ15N and δ13C values 
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among all possible further groupings (combinations of grid and age). When differences 
between these groups were found, the age groups were kept separate for further analysis. 
Finally, I used Welch’s t-test to grids of either adults or juveniles compare the stable 
isotopic compositions of adults and juveniles within years. When no differences were 
found between age classes, the age classes were not pooled so that a visual comparison of 
adult and juvenile diets across all years could be seen.   
Overwintering diet quality, as represented by mean hair δ15N or δ13C values of each year, 
was compared with mean yearly first parturition date using linear regression in order to 
test my hypothesis that overwintering diet quality affected timing of initiation of 
breeding. 
Results 
There were insufficient data to compare mean first parturition date between the two 
different trapping grids within each year except in 2011, where there was no significant 
difference (Welch’s t-test, t = 1.2, df = 16.6, p = 0.2). Accordingly, first parturitions from 
both grids were pooled within each year to increase sample sizes when comparing mean 
first parturition date among years. The number of females for which first parturition date 
(day of year) was obtained in each year and a comparison of the yearly means of those 
first parturition dates using an ANOVA and Tukey’s post-hoc test is illustrated in Figure 
3. The years 2004, 2006, 2007 and 2010 had significantly earlier mean first parturition 
date than 2009 and 2011 (Fig. 3) (One-Way ANOVA, F= 10.3, df = 7, 8, p < 0.0001). 
Though not significantly different from the early or late years, 2008 and 2010 appeared to 
be later-breeding years. Mean initiation of breeding date across years ranged from 145 
(May 24) in 2004 to 171 (June 20) in 2009. There was no additional increasing or 
decreasing trend between mean initiation of breeding date and year (linear regression, F= 
1.6, Df = 1, 6, p= 0.3). At the individual level, there was no relationship between  
parturition dates and hair isotopic compositions  (Table 1). 
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Figure 3: Boxplot of ANOVA of mean first parturition date (day of year) among years. 
Thicker black lines represent median values. Sample sizes are given within the boxes. 
Boxes represent contain the data within the second to third quartiles and whiskers contain 
data within 1.5 interquartile ranges of the maxima and minima. Different letters are used 
to indicate groups of data that are statistically different from each other. 
 
Table 1: Results of linear regression that tested for relationship between mean first 
parturition dates and δ15N values of individual females for which both variables were 
known. There were insufficient data to conduct such analysis for earlier years. 
Year F Df P R
2 
2008 4.69 1, 6 0.07 0.44 
2009 0.40 1, 2 0.59 0.17 
2010 0.73 1, 3 0.46 0.20 
2011 0.02 1, 5 0.90 3.00
e
-3 
Thirty-four (34) genera of mushrooms and 21 orders of soil arthropods were 
identified as potential diet sources. Their stable isotopic compositions are listed in 
Appendix B (mushrooms) and Appendix C (soil arthropods). When observing the 
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compositional range of hair in relation to potential diet sources, hair was corrected by 
previously determined tissue-diet fractionation factors by Miller et al. (2008). These 
fractionation factors  are (∆15N) ‒3.3 ‰ and (∆13C) ‒0.3 ‰ of the hair δ-values. The δ15N 
and δ13C values of hair-diet fractionation-corrected mouse hair and potential diet items, 
both from 2011, are illustrated in Figure 4. Because mice from the Fortress and Grizzly 
grids differed significantly in their hair isotopic compositions in 2011, results for each 
grid in that year are illustrated separately.  
Adult overwintered fractionation-corrected mouse hair from the Fortress grid fell within 
the compositional range (δ13C, δ15N) of white spruce seeds (–23.5 ‰, –0.4 ‰) and 
lodgepole pine seeds (–22.0 ‰, +1.0 ‰), the mushroom genera Psathyrella (–23.3 ‰, 
+2.4 ‰), Lycoperdum  (–23.5 ‰, +1.7 ‰) and Naematoloma  (–22.5 ‰, +1.8 ‰), slugs 
(–22.8 ‰, –0.4 ‰) and ants (–22.0 ‰, +0.1 ‰). On the Grizzly grid, the fractionation-
corrected hair δ-values for adults fell within the range of the same seeds as on Fortress,  
the mushrooms Psathyrella  (–24.7 ‰, –0.8 ‰), Polyporus  (–23.2 ‰, –1.2 ‰) and 
Gomphidius  (–24.7 ‰, +1.3 ‰), the felt lichen Peltigera  (–25.6 ‰, –1.0 ‰), 
coleopterid (–26.1 ‰, –0.2 ‰), carabid (–24.4 ‰, +0.9 ‰) and scarab (–26.2 ‰, –0.2 
‰) beetles, ants (–22.0 ‰, +0.1 ‰) and slugs (–22.8 ‰, –0.4 ‰) (Fig. 4, Appendices C 
and D). In summary, both of these adult groups had stable isotopic compositions that 
shared the range known for seeds, ants and slugs, as well as the Psathyrella mushrooms, 
from the region.  
Juvenile diet-corrected hair samples from Grizzly had stable isotopic compositions that 
fell in the range of lodgepole pine seeds, white spruce seeds, slugs, ants and the 
mushroom genus Polyporous (Fig. 4, Appendices B and C). The hair isotopic 
compositions of these juveniles also shared the isotopic range of Polyporus mushrooms, 
slugs, ants and seeds with the adult compositions. There were only four juveniles 
available for analysis from the Fortress grid in 2011. These juveniles, as well as four 
adults from Grizzly and one from Fortress in 2011, have δ15N values similar to the other 
hair samples, but their δ13C values are higher than any of those measured for the collected 
dietary items and very different from all other samples (Fig. 4). 
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Figure 4. The δ15N and δ13C values of potential diet sources compared with tissue-diet 
fractionation-corrected mouse hair isotopic compositions for 2011. All samples were 
obtained from the Kananaskis study sites. Each result for soil arthropods, mushrooms and 
seeds describes a different species of potential food type. “G” indicates the “Grizzly” 
sampling grid and “F” indicates the “Fortress” sampling grid. Arthropod isotopic 
compositions for 2009 were obtained from Tabacaru et al. (2010). 
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A total of 217 mouse hair samples were collected between 2004 and 2011 
(Appendix D) for diet quality analysis using carbon and nitrogen stable isotopic 
compositions. The number of adult and juvenile hair samples collected each year is 
shown in Figure 5. Approximately 20-30 hair samples from each year were used to obtain 
mean yearly carbon and nitrogen isotopic compositions, except for 2006 when only 6 
samples were available, and 2007 when only 16 samples were available.  
Figure 5 provides a representation of the relationships of mean δ15N and δ13C values of 
hair samples on each grid among years. For clarity, the data were divided into groupings 
of “Grizzly adults”, “Fortress adults”, “Grizzly juveniles” and “Fortress juveniles”. The 
statistics for all comparisons among years and grids can be found in Appendices E and F. 
Females and males only differed in δ15N values in 2007 on Fortress (t= 7.8, df= 3, p = 
4.0
e
-3), and there were only 3 samples of each sex in that year, so males and females 
within grids in all other years were pooled to increase sample sizes. For most years, there 
were sufficient samples to compare the differences in isotopic compositions between 
grids for both adults and juveniles (Grizzly vs. Fortress), except 2006, when there were 
only 3 adult individuals from each grid, which were thus pooled into one sample for 
analysis. Differences in δ13C and δ15N values between grids are summarized in Tables 2-
5.  
For most years, there were adequate sample sizes to test for differences between adult 
and juvenile mean δ15N or δ13C values, except 2006 that contained no juveniles, 2007 that 
contained only 3 juveniles, and 2008 that contained only one juvenile, which had a δ15N 
value much lower (+3.0 ‰) than any of the means for juveniles in all other years (+4.2 to 
+6.7 ‰) (Tables 6-7). 
 In the test for a relationship of overwintering diet quality to timing of initiation of 
breeding, yearly mean first parturition date of females were not significantly related to 
mean 
13
C or 
15N enrichment in either adults (δ15N: linear regression, F = 0.9, df = 1, 7, p= 
0.4, r
2 
= -1.4
e
-2; δ13C: F = 2.8e-3, df = 1, 7, p = 1.0, r2 = 0.1) or juveniles (δ15N: F = 0.01, 
df = 1, 5, p = 0.9, r
2
 = -0.20; δ13C: F = 9.1e-3, df = 1,5, p = 0.9, r2 = 1.8e-3) (Fig. 6). 
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Figure 5: Means of hair δ15N and δ13C values for each year and the relationships among 
years.  Error bars represent 1 standard error of measurement. Letters (a) represents adults 
on Grizzly, (b) adults on Fortress, (c) juveniles on Grizzly, and (d) juveniles on Fortress. 
Ellipses encompass means that are statistically indistinguishable (carbon isotopes: solid 
and small-dashed; nitrogen isotopes: large-dashed and double ellipses). Absence of any 
type of ellipse indicates an insufficient number of samples.  
Discussion 
Mean date of first parturition varied among years between 2004-2011, which concurs 
with Millar and Herdman (2004) data for the years 1985-2003. It is difficult to know 
based on the available data whether or not mean parturition date varied between grids 
within years due to sample sizes that were too small. However, if such variation occurred,  
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Table 2: Comparison of adult hair δ15N values between trapping grids in each year. 
Sample sizes are given in parentheses. *indicates significant differences. 
Year Fortress δ15N (‰) Grizzly δ15N (‰) T Df P 
2004 +3.9 ± 1.4 (8) +3.4 ± 0.5 (13) 0.9 8.2 0.4 
2005 +3.6 ± 1.08 (4) +3.9 ± 0.8 (8) -0.6 4.6 0.6 
2006 INSUFFICIENT DATA 
2007 +4.0 ± 0.7 (7) +3.4 ± 0.4 (6) 1.0 9.9 0.08 
2008 +3.6 ± 0.3 (6) +3.5 ± 0.7 (21) 0.6 18.4 0.6 
2009 +4.4 ± 0.3 (10) +3.5 ± 0.3 (14) 2.5 22.0 0.02* 
2010 +3.9 ± 0.9 (9) +3.7 ± 0.9 (10) 0.6 16.4 0.6 
2011 +4.3 ± 0.8 (15) +3.6 ± 0.6 (13) 2.6 26.0 0.02* 
Table 3: Comparison of juvenile hair δ15N values for each year. Sample sizes are given 
in parentheses. *indicates significant differences. 
Year Fortress δ15N (‰) Grizzly δ15N (‰) T df P 
2004 +5.1 ± 0.8 (8) +3.9 ± 1.0 (4) 2.0 5.0 0.1 
2005 +6.4 ± 0.7 (7) +6.1 ± 0.4 (5) 0.8 9.7 0.4 
2006 INSUFFICIENT DATA 
2007 INSUFFICIENT DATA 
2008 INSUFFICIENT DATA 
2009 +6.7 ± 0.3 (10) +5.9 ± 0.1 (5) 2.5 11.3 0.03* 
2010 +6.2 ± 0.5 (4) +4.2 ± 0.6 (5) 2.7 4.9 0.05* 
2011 +4.4 ± 0.3 (4) +5.1 ± 0.8 (9) -2.4 10.6 0.04* 
Table 4: Comparison of adult hair δ13C values between trapping grids for each year. 
Sample sizes are given in parentheses. No significant differences were observed. 
Year Fortress δ13C (‰) Grizzly δ13C (‰) T df P 
2004 –21.6 ± 1.0 (8) –21.8 ± 0.7 (13) 0.4 10.8 0.7 
2005 –23.4 ± 0.8 (4) –23.7 ± 0.4 (8) 0.8 3.9 0.5 
2006 INSUFFICIENT DATA 
2007 –22.9 ± 0.8 (7) –22.7 ± 0.6 (6) -0.5 10.8 0.6 
2008 –21.5 ± 1.4 (6) –21.7 ± 1.1 (21) 0.5 7.0 0.8 
2009 –22.9 ± 0.2 (10) –22.4 ± 0.2 (14) -1.46 20.35 0.2 
2010 –23.1 ± 0.9 (9) –23.2 ± 1.0 (10) 0.10 16.95 0.9 
2011 –21.9 ± 1.6 (15) –22.8 ± 1.8 (13) 1.38 24.76 0.2 
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Table 5: Comparison of juvenile hair δ13C values between trapping grids in each year. 
Sample sizes are given in parentheses. *indicates significant differences. 
Year Fortress δ13C (‰) Grizzly δ15N (‰) T df P 
2004 –22.0 ± 1.3 (8) –22.0 ± 0.7 (4) 0.07 9.8 1.0 
2005 –23.5 ± 0.3 (7) –23.7 ± 0.5 (5) 0.6 6.0 0.6 
2006 INSUFFICIENT DATA 
2007 INSUFFICIENT DATA 
2008 INSUFFICIENT DATA 
2009 –22.2 ± 0.3 (10) –22.9 ± 0.1 (5) 2.7 10.8 0.02* 
2010 –22.0 ± 0.2 (4) –22.6 ± 0.3 (5) 2.0 4.7 0.1 
2011 –20.1 ± 0.5 (4) –23.7 ± 0.6 (9) 11.3 7.6 <0.001* 
Table 6: Comparison of adult and juvenile hair δ15N values by year. Sample sizes are 
given in parentheses. *indicates significant differences. “F” represents the Fortress grid, 
“G” represents the Grizzly grid, “A” represents adults and “J” represents juveniles. One-
way ANOVA was used in 2010 because adults pooled from both grids were compared to 
juveniles on separate grids. 
Year Adult δ15N (‰) Juvenile δ15N (‰) T (or F)   df P  
2004 +3.6± 0.9 (21) +4.7± 1.0 (12) -3.1 22.9 0.005* 
2005 +3.8± 0.9 (12) +6.3± 0.5 (12) -8.5 18.7 <0.0001* 
2006 INSUFFICIENT DATA 
2007 +3.7± 0.7 (13) +6.0± 0.6 (3) -6.2 3.8 0.006* 
2008 INSUFFICIENT DATA 
2009 F +4.4± 0.8 (9) +6.7± 0.3 (10) -5.6 17.3 <0.0001* 
2009 G +3.5± 1.1 (14) +5.9± 1.0 (5) -7.48 16.3 <0.0001* 
2010 A-JF +3.7± 0.2 (20) +6.2± 0.5 (4) 4.58 2, 26 <0.0001* 
2010 A-JG +3.7± 0.2 (20) +4.2± 1.2 (5) 1.05 2, 26 0.5 
2011 F +4.3± 0.8 (15) +4.4± 0.3 (4) -0.68 15.3 0.5 
2011 G +3.6± 0.6 (13) +5.1± 0.8 (9) -4.82 14.5 <0.001* 
Table 7: Comparison of hair δ13C values between adults and juveniles within trapping 
grids and year. Sample sizes are given in parentheses. *indicates significant differences. 
“F” represents the Fortress grid and “G” represents the Grizzly grid. 
Year Adult δ13C (‰) Juvenile δ13C (‰) T  df P 
2004 –21.7± 0.8 (21) –22.0± 1.3 (12) 0.8 18.5 0.5 
2005 –23.7± 0.6 (12) –23.6± 0.4 (12) -0.8 18.5 0.4 
2007 –22.9± 0.7 (13) –23.2± 0.4 (3) 1.2 5.5 0.3 
2009 F –22.9± 0.8 (9) –22.4± 0.2 (10) -1.9 18.0 0.08 
2009 G –22.4± 0.8 (14) –22.9± 0.8 (5) 2.3 16.0 0.04* 
2010 –22.5± 0.2 (20) –22.5± 0.6 (9) -0.03 36.9 1.0 
2011 G –22.8± 1.8 (13) –23.7± 0.6 (9) 1.72 16.0 0.1 
2011 F –21.9± 1.6 (15) –20.2± 0.5 (4) -3.73 16.4 0.002* 
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 Figure 6: Relationship of yearly mean first parturition date (natural logarithm) of each 
year in relation to 
15
N enrichment of adult mouse hair. No relationship was found (p= 0.9, 
r
2
= 2.0
e
-3).  
it may have been an indication of differences in environmental factors between grid 
locations that were previously unknown. The lack of any positive or negative relationship 
of mean first parturition date across years indicates that there is no trend in whatever 
environmental cue the animals are using to time births, which also concurs with the 
earlier observations by Millar and Herdman (2004). Finally, the lack of relationship of 
first parturition date for individual females to their nitrogen isotopic composition may 
also be related to the same trends found in the overall population that will be discussed 
presently.  
Based on the results obtained for hair keratin in this study, mice appear to 
consume a diet with an average carbon isotopic composition between – 26.2 and – 24.7 
‰, and an average nitrogen isotopic composition between – 1.0 and +1.0 ‰.  A mixed 
diet of arthropods, mushrooms and seeds, all of which are known to be in the mouse diet 
(Jameson 1952, Wolff et al. 1985), is generally consistent with such averages, based on 
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the isotopic compositions measured for these dietary items. The measured isotopic 
compositions vary between adult and juvenile samples, providing some evidence that 
seasonal diet quality is reflected in mouse hair. However, some individual diet sources in 
2011 remain unrecognized relative to the collected diet sources, given that some hair δ13C 
values from Fortress (>–20 ‰; Fig. 3) were higher than those for the potential food 
sources that were collected. Such δ13C values enter into the lower end of the range 
possible for a C4 plant diet (Peterson and Fry 1987), but it is unlikely that such plants are 
plentiful in this area. It is much more likely that these higher δ13C values reflect 
variations in microclimatic conditions on the Fortress grid that have been expressed in 
13
C-enriched C3 plant compositions.  
The differences in mouse hair isotopic compositions between grids may be due to 
differences in the carbon and nitrogen isotopic composition of specific food sources 
available in those areas. However, in the time available to collect material, each type of 
potential food source was not always found on each grid. Additional sampling of the 
same and other potential food sources from these grids is recommended in order to 
establish a more robust isotopic baseline for the hair carbon and nitrogen isotopic 
compositions, and to document the specific isotopic effects of differences in temperature, 
humidity and precipitation amounts within and between the Grizzly and Fortress grids, as 
these affected stable isotopic compositions of tissues in other studies (Lipp et al. 1991, Yi 
and Yang 2006).   
In 2007 on Fortress, the mean δ15N value of female hair samples was enriched compared 
to males. This supports the findings of Ansell (2007) who noted that 
15
N enrichment in 
hair and blood occurred in males located in talus, riparian, spruce, mixed scrub and aspen 
habitats relative to other habitats at Kananaskis, whereas females from pine and creek bed 
habitats exhibited enrichment in 
15
N relative to males. Ansell (2007) proposed that 
females have smaller home ranges than males, thereby giving males a better opportunity 
to forage in different habitats. Habitat variation on the Fortress grid in 2007 was not 
tested, but both my findings and those of Ansell (2007) support the hypothesis that 
differences in tissue 
15
N enrichment can occur locally between males and females (Fig. 
4). This, however, does not explain the lack of differences in other years. 
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Based on the differences in hair nitrogen isotopic compositions relative to age, there 
appear to be two levels of spring diet quality that could occur in a given year, which can 
be seen in the three significantly different ranges of hair δ15N values measured from year 
to year for juvenile (+4 to +5.5 ‰ and +5.5 to +7 ‰) hair (Fig. 2). The differences 
between adult and juvenile hair support the hypothesis that juvenile hair is enriched in 
15N due to the trophic effects of consuming their mothers’ milk (Miller et al. 2008), but 
trophic differences also occured within the adult and juvenile groups that could be due to 
local adult dietary differences. Future studies could examine whether there were 
differences in offspring success relative to the degree of hair 
15
N enrichment, and what 
causes these differences.  
The observed differences in hair δ15N values among years could also be partly due to 
nutritional or water stress in some years. Enrichment in 
15
N of liver, heart, small intestine 
and brown-adipose tissue was found in ground squirrels during protein synthesis of 
muscle while hibernating (Lee et al. 2012). However, a significant effect of nutritional 
stress on the δ15N values of non-hibernating small mammal has not been demonstrated 
(Ben-David et al. 1999), including deer mice (Smith et al. 2010), which suggests that this 
was not the case in my analysis. 
There were two significantly different ranges of hair δ13C values observed among years 
(Fig. 2): –24 to –23‰ and –23 to –21.5‰. These differences could be due to variations in 
plant compositions or climatic variables. Lipp et al. (1991) found that temperature, 
humidity and precipitation, all of which could vary with microhabitat, have an effect on 
the δ13C values of fir tree ring cellulose in Germany, where δ13C increases by 0.33 ‰ per 
oC, decreases by 0.11 ‰ per % humidity, and decreases by 0.005 ‰ per mm rainfall. 
Similar results were obtained for Pinus and Quercus species (Lipp et al. 1991). These 
effects likely differ depending on the tree components studied, but the concept supports 
the idea that the isotopic composition of mouse food resources such as seeds would be 
sensitive to microhabitat variations. Within years, the hair δ13C values of adults and 
juveniles were usually not significantly different from each other except for enrichment 
in 
13
C of adults relative to juveniles on the Grizzly grid in 2009 (Table 7). This latter 
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observation remains unexplained and is not intuitively linked to habitat difference, unless 
the spring diet of mothers was from a different habitat than winter. 
It was initially assumed that the two trapping grids represented similar habitats and thus 
should contain similar food sources (Sharpe and Millar 1991, Ansell 2007). However the 
grids likely contain multiple microhabitats (Sharpe and Millar 1991). Differences in the 
δ13C and δ15N values of both adult and juvenile mouse hair were observed between the 
Fortress and Grizzly grids in the last 3 of the 8 years studied. Adults had higher δ15N 
values in 2009 and 2011 on Fortress than Grizzly (Table 2), juveniles had higher δ15N 
values on Fortress in 2009 and 2010 and on Grizzly in 2011 (Table 3), adults had no 
differences in δ13C between grids (Table 4) and juveniles had higher δ13C values in 2009 
and 2011 on Fortress (Table 5). Why the differences only occurred in the last 3 years, 
however, is unknown.  
Altitude is another factor that could affect both carbon and nitrogen isotopic 
compositions of living tissue due to the associated changes in temperature, precipitation 
amount and humidity (Yi and Yang 2006). For example, pikas from the Quinghai-Tibet 
plateau were enriched in 
15
N by 0.5 ‰ and in 13C by 3.2 ‰ per 1000 m of altitude (Yi 
and Yang 2006). On Fortress Mountain, altitude varies by approximately 400 m 
(maximum trapline length of 20 traps, 20 m apart), suggesting that only variation of 
approximately 0.2 ‰ in 15N and 1.3 ‰ in 13C could conceivably be related to this effect. 
Grizzly varies in altitude only by 70 m (traplines of 7 traps, 10 m apart), meaning 
virtually no altitude effect is expected at Grizzly. Again, why differences in the δ13C and 
δ15N values of both adult and juvenile mouse hair appeared between the Fortress and 
Grizzly grids in the last last three years of my study remains unclear; environmental 
factors other than altitude were almost certainly more important.   
Specifically in relation to my hypothesis, my data did not support the prediction that, 
among years, the mean date of initiation of breeding in the population would be related to 
overwinter diet quality, as indicated by 
15
N enrichment in the hair of overwintering 
adults. The prediction that 
13
C enrichment would not be related to initiation of breeding 
was supported.  
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There are several reasons why initiation of breeding may not be related to tissue nitrogen 
isotopic compositions. First, I assumed that mean 
15
N enrichment of the population in a 
given year when compared to other years would indicate increased soil arthropod 
consumption as a proxy for better quality diet. However, there was an overlap of δ15N 
values for several potential food types beside arthropods, all of which mice eat (Jameson 
1952). Hence 
15
N enrichment in deer mice hair may not be a good indicator of arthropod 
consumption. Second, there may be errors in the calculation of the date for initiation of 
breeding; some animals may breed early but lose the young, thereby not presenting 
evidence of lactation. However, this scenario is unlikely because pregnant animals would 
still have been observed prior to lactation. Third, the sample sizes of collected hair each 
year may have been too small to detect systematic differences in isotopic composition. 
Fourth, 
15
N enrichment may in fact reflect arthropod consumption, but the differences in 
arthropod consumption may not have been large enough to affect breeding among years. 
Despite the lack of relationship between nitrogen (or carbon) isotopic compositions to the 
timing of initiation of breeding, these measurements provide some general insights into 
population and community dynamics. For example, other studies have indicated 
differences in stable isotopic compositions of deer mice in Kananaskis that are related to 
habitat (Ansell 2007) and season (Tabacaru et al. 2010). Some local differences were also 
observed here, including those between males and females, between grids and between 
adults and juveniles, thus raising further questions to be answered based in future work.  
Conclusions 
Many factors that may cue breeding in deer mice have been discussed in the previous 
literature and in my work. The lack of positive results from any of them, including mine, 
indicates that a complex interaction of many environmental factors could be at play. 
Also, the signatures detected in tissues using stable carbon and nitrogen isotope analysis 
may not be sensitive enough to identify the specific diets of generalist omnivores, who 
likely consume some quantity of several food types at any time in the year. Given these 
limitations and those of diet analyses found in prior studies, it is suggested that body 
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condition be used in the future as the indicator of differences between winter and spring 
nutrition of adult deer mice. 
My results for hair isotopic analysis show that overall mouse diet has a range of δ15N 
values which lie well within in the isotopic variation known for potential food sources, 
including those sampled here (arthropod orders, mushroom genera, seed species). Some 
food sources still need to be identified; the relatively high δ13C values (>–20 ‰) of some 
mouse hair samples do not match any of the potential dietary items sampled here. With 
this in mind, future isotopic study of small mammal diet is needed and should focus on 
potential foods, including arthropods, mushrooms and seeds, that may occur at different 
altitudes, in different microhabits, and/or which form under specific seasonal conditions. 
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Appendices 
Appendix A: Approval for Animal Use Protocol:
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Appendix B: The stable carbon and nitrogen isotope compositions of mushroom genera 
in the Kananaskis Valley, Alberta, Canada. 
Genus 
δ13C ‰ 
VPDB 
δ15N ‰ 
AIR 
Agaricus spp 1 –24.16 +9.36 
Boletus spp –24.57 +5.96 
Cortinarius spp 1 –22.54 +18.98 
Cortinarius spp 2 –23.86 +8.00 
Cortinarius spp 3 –24.00 +8.39 
Cortinarius spp 3 –24.82 +6.58 
Cortinarius spp 4 –24.06 +11.41 
Geastum spp –22.13 +6.24 
Gomphidius spp 1 –23.39 +8.57 
Gomphidius spp 1 –23.45 +8.58 
Gomphidius spp 1 –23.82 +6.08 
Gomphidius spp 2 –24.71 +1.25 
Lactarius spp 1 –22.18 +3.25 
Leucopaxillus spp –24.05 +5.58 
Lyophyllum spp –23.27 +6.15 
Lactarius spp 2 –24.65 +8.40 
Lactarius spp 2 –24.23 +7.99 
Lactarius spp 3 –24.70 +8.55 
Lycoperdum spp –23.52 +1.66 
Morchella spp –24.81 +4.77 
Naematoloma spp –22.47 +1.77 
Pluteus spp –23.46 +12.40 
Polyporus spp –23.22 –1.18 
Psathyrella spp 1 –23.80 +5.26 
Psathyrella spp 2 –24.71 –0.75 
Psathyrella spp 3 –23.32 +2.38 
Psylocybe spp –24.75 +2.01 
Russula spp –24.90 +8.09 
Suillus spp –24.72 –1.78 
Suillus spp 2 –26.64 +8.88 
Suillus spp 3 –23.79 –1.47 
Ascholichen (unknown genus) –25.58 –1.01 
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Appendix C: The carbon and nitrogen isotopic compositions of arthropod and seed 
species in the Kananaskis Valley, Alberta, Canada. Trees are identified to species name. 
Data for arthropods and seeds collected in 2009 were obtained from Tabacaru et al 
(2010). 
Common name Family (unless specified as order) 
δ13C ‰ 
VPDB 
δ15N ‰ 
AIR 
Ant Formicidae spp 1 –25.91 +3.90 
Ant Formicidae spp 2 -24.93 +4.19 
Ant Formicidae spp 2 –25.50 +4.19 
Ant Formicidae spp 2 –25.40 +2.44 
Ant Formicidae spp 2 –26.34 +2.30 
Ant Formicidae spp 2 –26.26 +3.53 
Ant Formicidae spp 2 –25.70 +3.50 
Ant larva Formicidae spp 2  –25.20 +3.62 
Ant larva Formicidae spp 2  –25.73 +3.25 
Ant Formicidae 2009 –22.00 +0.10 
Ant Formicidae 2009 –21.90 0.00 
Ant Formicidae 2009 –21.90 0.00 
Bark Beetle Passandridae –24.43 +6.16 
Beetle Carabidae –24.20 +2.0 
Beetle Carabidae 2009 –24.40 +0.90 
Beetle Coleoptera 2009 –26.10 –0.20 
Centipede Order Lithobiomorpha –24.42 +5.00 
Click Beetle Elateridae –25.65 +3.79 
Fly Order Diptera –24.15 +9.63 
Fly Order Diptera 2009 –25.50 +10.1 
Plant Bug Miridae 2009 –24.80 +1.60 
Plant Bug Miridae 2009 –27.30 +0.50 
Rove Beetle Staphylinidae –25.20 +4.91 
 Beetle Scarabaeidae 2009 –24.20 +12.60 
 Beetle Scarabaeidae 2009 –26.40 +2.60 
 Beetle Scarabidae –25.51 +2.17 
 Beetle Scarabidae –24.74 +4.34 
 Beetle Scarabidae –26.17 –0.23 
Slug slug 2009 –22.80 –0.40 
Spider Order Araneae –24.17 +3.35 
Spider Lycosidae 2009 –24.00 +2.50 
Spider Lycosidae 2009 –24.20 +4.60 
True Bug Hemiptera 2009 –25.70 –1.90 
Weevil Curculionidae –25.72 +2.22 
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Appendix D: The δ13C and δ13N values of deer mouse hair from each year and grid. 
Year Age Grid Sex Reproductive 
Condition 
δ13C ‰ 
VPDB 
δ15N ‰ 
AIR 
2004 Adult Fortress Female Non-Breeding –21.84 +2.88 
2004 Adult Fortress Female Non-Breeding –20.82 +3.02 
2004 Adult Fortress Female Non-Breeding –20.79 +3.60 
2004 Adult Fortress Male Non-Scrotal –21.05 +2.13 
2004 Adult Fortress Male Non-Scrotal –20.26 +3.55 
2004 Adult Fortress Male Non-Scrotal –22.40 +4.12 
2004 Adult Fortress Male Non-Scrotal –22.60 +5.40 
2004 Adult Fortress Male Non-Scrotal –23.05 +6.28 
2004 Adult Grizzly Female ? –21.57 +2.96 
2004 Adult Grizzly Female Lactating –22.13 +3.38 
2004 Adult Grizzly Female Lactating –20.02 +3.92 
2004 Adult Grizzly Female Non-Breeding –21.35 +2.90 
2004 Adult Grizzly Female Non-Breeding –21.84 +2.91 
2004 Adult Grizzly Female Non-Breeding –22.36 +2.94 
2004 Adult Grizzly Female Non-Breeding –22.00 +3.35 
2004 Adult Grizzly Female Non-Breeding –22.01 +3.70 
2004 Adult Grizzly Female Non-Breeding –22.04 +3.84 
2004 Adult Grizzly Male Non-Scrotal –21.58 +2.67 
2004 Adult Grizzly Male Non-Scrotal –22.87 +3.27 
2004 Adult Grizzly Male Non-Scrotal –21.48 +4.19 
2004 Adult Grizzly Male Scrotal –21.48 +4.13 
2004 Juvenile Fortress Female Non-Breeding –19.93 +4.09 
2004 Juvenile Fortress Female Non-Breeding –20.05 +4.10 
2004 Juvenile Fortress Female Non-Breeding –23.69 +4.38 
2004 Juvenile Fortress Female Non-Breeding –22.10 +5.68 
2004 Juvenile Fortress Female Non-Breeding –22.27 +6.01 
2004 Juvenile Fortress Male Non-Scrotal –22.34 +5.08 
2004 Juvenile Fortress Male Non-Scrotal –22.43 +5.59 
2004 Juvenile Fortress Male Non-Scrotal –23.10 +5.79 
2004 Juvenile Grizzly Female Non-Breeding –22.17 +4.25 
2004 Juvenile Grizzly Female Non-Breeding –22.47 +4.32 
2004 Juvenile Grizzly Male Non-Scrotal –20.97 +2.47 
2004 Juvenile Grizzly Male Non-Scrotal –22.51 +4.74 
2005 Adult Fortress Female Lactating –22.79 +2.61 
2005 Adult Fortress Male Non-Scrotal –24.34 +4.38 
2005 Adult Fortress Male Non-Scrotal –23.60 +4.62 
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Appendix D cont’d. 
Year Age Grid Sex 
Reproductive 
Condition 
δ13C ‰ 
VPDB 
δ15N ‰ 
AIR 
2005 Adult Fortress Male Scrotal –22.68 +2.68 
2005 Adult Grizzly Female Lactating –23.53 +3.87 
2005 Adult Grizzly Female Lactating –22.92 +4.13 
2005 Adult Grizzly Female Lactating –23.58 +4.19 
2005 Adult Grizzly Male Non-Scrotal –23.77 +5.33 
2005 Adult Grizzly Male Scrotal –23.82 +2.78 
2005 Adult Grizzly Male Scrotal –24.31 +3.29 
2005 Adult Grizzly Male Scrotal –23.41 +3.51 
2005 Adult Grizzly Male Scrotal –23.99 +4.26 
2005 Juvenile Fortress Female Non-Breeding –23.50 +5.63 
2005 Juvenile Fortress Female Non-Breeding –22.91 +6.72 
2005 Juvenile Fortress Female Non-Breeding –23.73 +6.91 
2005 Juvenile Fortress Male Non-Scrotal –23.44 +5.65 
2005 Juvenile Fortress Male Non-Scrotal –23.60 +5.74 
2005 Juvenile Fortress Male Non-Scrotal –23.63 +6.74 
2005 Juvenile Fortress Male Non-Scrotal –23.85 +7.08 
2005 Juvenile Grizzly Female Non-Breeding –24.13 +6.18 
2005 Juvenile Grizzly Female Non-Breeding –24.15 +6.43 
2005 Juvenile Grizzly Male Non-Scrotal –23.69 +5.49 
2005 Juvenile Grizzly Male Non-Scrotal –22.95 +6.21 
2005 Juvenile Grizzly Male Non-Scrotal –23.41 +6.28 
2006 Adult Fortress Male Non-Scrotal –22.75 +3.70 
2006 Adult Fortress Male Scrotal –23.69 +3.11 
2006 Adult Fortress Male Scrotal –23.75 +3.03 
2006 Adult Grizzly Male Scrotal –23.30 +3.61 
2006 Adult Grizzly Male Scrotal –23.20 +3.32 
2006 Adult Grizzly Male Scrotal –23.36 +2.68 
2007 Adult Fortress Female Breeding –22.36 +4.37 
2007 Adult Fortress Female Breeding –22.26 +4.67 
2007 Adult Fortress Female Non-Breeding –24.08 +4.11 
2007 Adult Fortress Female Non-Breeding –23.69 +4.82 
2007 Adult Fortress Male Scrotal –23.50 +3.23 
2007 Adult Fortress Male Scrotal –22.24 +3.23 
2007 Adult Fortress Male Scrotal –22.41 +3.30 
2007 Adult Grizzly Female Breeding –22.52 +3.35 
2007 Adult Grizzly Female Non-Breeding –22.83 +2.95 
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Year Age Grid Sex 
Reproductive 
Condition 
δ13C ‰ 
VPDB 
δ15N ‰ 
AIR 
2007 Adult Grizzly Male Scrotal –23.59 +2.99 
2007 Adult Grizzly Male Scrotal –21.93 +3.13 
2007 Adult Grizzly Male Scrotal –22.46 +3.70 
2007 Adult Grizzly Male Scrotal –23.12 +3.98 
2007 Juvenile Fortress Female Non-Breeding –22.91 +5.32 
2007 Juvenile Fortress Male Non-Breeding –23.62 +6.29 
2007 Juvenile Grizzly Female Non-Breeding –23.02 +6.28 
2008 Adult Fortress Female Non-Breeding –22.88 +3.75 
2008 Adult Fortress Female Non-Breeding –21.32 +3.91 
2008 Adult Fortress Female Non-Breeding –20.68 +3.98 
2008 Adult Fortress Male Non-Scrotal –22.95 +3.30 
2008 Adult Fortress Male Scrotal –19.39 +3.29 
2008 Adult Fortress Male Scrotal –21.98 +3.45 
2008 Adult Grizzly Female Non-Breeding –20.25 +2.29 
2008 Adult Grizzly Female Non-Breeding –19.96 +2.64 
2008 Adult Grizzly Female Non-Breeding –20.65 +2.93 
2008 Adult Grizzly Female Non-Breeding –19.26 +3.09 
2008 Adult Grizzly Female Non-Breeding –21.46 +3.11 
2008 Adult Grizzly Female Non-Breeding –21.60 +3.32 
2008 Adult Grizzly Female Non-Breeding –22.34 +3.75 
2008 Adult Grizzly Female Non-Breeding –22.16 +3.84 
2008 Adult Grizzly Female Non-Breeding –22.83 +4.01 
2008 Adult Grizzly Female Non-Breeding –20.74 +4.02 
2008 Adult Grizzly Female Non-Breeding –21.33 +4.37 
2008 Adult Grizzly Female Non-Breeding –23.22 +4.56 
2008 Adult Grizzly Male Non-Scrotal –21.17 +2.71 
2008 Adult Grizzly Male Non-Scrotal –21.61 +3.48 
2008 Adult Grizzly Male Non-Scrotal –22.49 +3.56 
2008 Adult Grizzly Male Non-Scrotal –21.35 +3.60 
2008 Adult Grizzly Male Scrotal –22.22 +3.93 
2008 Adult Grizzly Male Scrotal –23.46 +3.08 
2008 Adult Grizzly Male Scrotal –21.60 +3.24 
2008 Adult Grizzly Male Scrotal –22.31 +3.27 
2008 Adult Grizzly Male Scrotal –23.28 +4.83 
2008 Juvenile Grizzly Female Non-Breeding –20.21 +2.97 
2009 Adult Fortress Female Non-Breeding –23.34 +4.30 
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Year Age Grid Sex 
Reproductive 
Condition 
δ13C ‰ 
VPDB 
δ15N ‰ 
AIR 
2009 Adult Fortress Female Non-Breeding –23.30 +4.64 
2009 Adult Fortress Male Non-Scrotal –22.50 +5.47 
2009 Adult Fortress Male Non-Scrotal –23.18 +5.00 
2009 Adult Fortress Male Non-Scrotal –23.88 +3.10 
2009 Adult Fortress Male Non-Scrotal –22.81 +4.54 
2009 Adult Fortress Male Non-Scrotal –21.11 +3.00 
2009 Adult Fortress Male Scrotal –23.25 +5.15 
2009 Adult Fortress Male Scrotal –22.44 +4.55 
2009 Adult Fortress Male Scrotal –22.78 +4.64 
2009 Adult Grizzly Female Non-Breeding –23.26 +3.66 
2009 Adult Grizzly Female Non-Breeding –22.66 +3.57 
2009 Adult Grizzly Female Non-Breeding –21.38 +2.81 
2009 Adult Grizzly Female Non-Breeding –21.93 +4.64 
2009 Adult Grizzly Female Non-Breeding –23.17 +4.65 
2009 Adult Grizzly Male Non-Scrotal –23.16 +3.48 
2009 Adult Grizzly Male Non-Scrotal –22.84 +4.30 
2009 Adult Grizzly Male Non-Scrotal –22.36 +2.80 
2009 Adult Grizzly Male Non-Scrotal –20.44 +0.83 
2009 Adult Grizzly Male Non-Scrotal –22.75 +2.87 
2009 Adult Grizzly Male Scrotal –22.80 +4.66 
2009 Adult Grizzly Male Scrotal –22.70 +4.18 
2009 Adult Grizzly Male Scrotal –22.50 +4.04 
2009 Adult Grizzly Male Scrotal –21.50 +2.18 
2009 Juvenile Fortress Female Non-Breeding –22.78 +5.88 
2009 Juvenile Fortress Female Non-Breeding –23.56 +4.33 
2009 Juvenile Fortress Female Non-Breeding –21.97 +7.53 
2009 Juvenile Fortress Female Non-Breeding –21.96 +7.41 
2009 Juvenile Fortress Female Non-Breeding –21.01 +7.17 
2009 Juvenile Fortress Male Non-Scrotal –22.31 +7.51 
2009 Juvenile Fortress Male Non-Scrotal –21.31 +7.09 
2009 Juvenile Fortress Male Non-Scrotal –21.59 +7.10 
2009 Juvenile Fortress Male Non-Scrotal –22.70 +6.17 
2009 Juvenile Fortress Male Non-Scrotal –22.90 +6.72 
2009 Juvenile Grizzly Female Non-Breeding –23.08 +5.59 
2009 Juvenile Grizzly Female Non-Breeding –23.12 +5.81 
2009 Juvenile Grizzly Female Non-Breeding –22.70 +6.23 
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Year Age Grid Sex 
Reproductive 
Condition 
δ13C ‰ 
VPDB 
δ15N ‰ 
AIR 
2009 Juvenile Grizzly Female Non-Breeding –22.90 +6.02 
2009 Juvenile Grizzly Female Non-Breeding –22.77 +5.61 
2010 Adult Fortress Female Non-Breeding –24.23 +4.42 
2010 Adult Fortress Female Pregnant, Lactating –22.04 +4.58 
2010 Adult Fortress Male Scrotal –23.95 +4.20 
2010 Adult Fortress Male Scrotal –22.61 +2.72 
2010 Adult Fortress Male Scrotal –23.03 +2.46 
2010 Adult Fortress Male Scrotal –24.45 +4.01 
2010 Adult Fortress Female Breeding –22.26 +4.02 
2010 Adult Fortress Female Breeding –22.78 +3.27 
2010 Adult Fortress Female Breeding –22.94 +5.40 
2010 Adult Grizzly Female Non-Breeding –23.06 +3.92 
2010 Adult Grizzly Female Pregnant, Lactating –22.98 +3.15 
2010 Adult Grizzly Female Non-Breeding –22.76 +5.58 
2010 Adult Grizzly Female Breeding –23.28 +3.67 
2010 Adult Grizzly Female Breeding –25.98 +2.54 
2010 Adult Grizzly Female Breeding –23.06 +3.95 
2010 Adult Grizzly Female Pregnant –22.80 +4.00 
2010 Adult Grizzly Male Non-Scrotal –22.63 +3.04 
2010 Adult Grizzly Male Non-Scrotal –23.09 +3.87 
2010 Adult Grizzly Male Scrotal –22.22 +2.78 
2010 Adult ? Male Scrotal –23.16 +3.09 
2010 Juvenile Fortress Female Non-Breeding –22.04 +6.14 
2010 Juvenile Fortress Female Non-Breeding –22.00 +5.92 
2010 Juvenile Fortress Female Non-Breeding –21.69 +6.79 
2010 Juvenile Fortress Male Non-Scrotal –22.08 +5.76 
2010 Juvenile Grizzly Female Non-Breeding –23.50 +5.12 
2010 Juvenile Grizzly Female Non-Breeding –22.99 +5.91 
2010 Juvenile Grizzly Female Non-Breeding –22.39 +4.86 
2010 Juvenile Grizzly Female Non-Breeding –21.78 +3.00 
2010 Juvenile Grizzly Male Non-Scrotal –22.19 +2.31 
2011 Adult Fortress Female Breeding –23.54 +4.50 
2011 Adult Fortress Female Breeding –20.93 +3.64 
2011 Adult Fortress Female Breeding –23.70 +3.39 
2011 Adult Fortress Female Non-Breeding –19.62 +4.29 
2011 Adult Fortress Female Non-Breeding –21.58 +5.07 
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Year Age Grid Sex 
Reproductive 
Condition 
δ13C ‰ 
VPDB 
δ15N ‰ 
AIR 
2011 Adult Fortress Female Non-Breeding –21.09 +4.56 
2011 Adult Fortress Female Non-Breeding –19.97 +4.71 
2011 Adult Fortress Female Pregnant –23.74 +3.03 
2011 Adult Fortress Female Pregnant –21.72 +4.70 
2011 Adult Fortress Female Pregnant –18.81 +4.25 
2011 Adult Fortress Female Pregnant –19.66 +3.83 
2011 Adult Fortress Female Non-Breeding –21.38 +4.84 
2011 Adult Fortress Male Non-Scrotal –22.76 +3.11 
2011 Adult Fortress Male Non-Scrotal –23.71 +4.20 
2011 Adult Fortress Male Non-Scrotal –22.93 +3.84 
2011 Adult Fortress Male Scrotal –23.47 +5.82 
2011 Adult Grizzly Female Non-Breeding –25.90 +2.33 
2011 Adult Grizzly Female Non-Breeding –24.08 +3.94 
2011 Adult Grizzly Female Pregnant –23.09 +3.87 
2011 Adult Grizzly Female Pregnant –24.03 +3.70 
2011 Adult Grizzly Female Non-Breeding –23.29 +4.05 
2011 Adult Grizzly Female Non-Breeding –23.74 +4.55 
2011 Adult Grizzly Female Non-Breeding –23.18 +3.57 
2011 Adult Grizzly Female Breeding –19.20 +3.45 
2011 Adult Grizzly Male Non-Scrotal –22.74 +4.09 
2011 Adult Grizzly Male Non-Scrotal –22.92 +3.19 
2011 Adult Grizzly Male Scrotal –22.39 +3.59 
2011 Adult Grizzly Male Scrotal –22.44 +2.43 
2011 Juvenile Fortress Female Non-Breeding –19.73 +4.54 
2011 Juvenile Fortress Female Non-Breeding –20.47 +4.06 
2011 Juvenile Fortress Female Non-Breeding –19.67 +4.66 
2011 Juvenile Fortress Female Non-Breeding –20.60 +4.43 
2011 Juvenile Grizzly Female Non-Breeding –23.10 +4.98 
2011 Juvenile Grizzly Female Non-Breeding –23.75 +6.18 
2011 Juvenile Grizzly Female Non-Breeding –24.27 +4.78 
2011 Juvenile Grizzly Female Non-Breeding –23.64 +5.86 
2011 Juvenile Grizzly Female Non-Breeding –23.66 +5.88 
2011 Juvenile Grizzly Male Non-Scrotal –24.29 +4.43 
2011 Juvenile Grizzly Male Non-Scrotal –24.21 +4.85 
2011 Juvenile Grizzly Male Non-Scrotal –24.24 +5.50 
2011 Juvenile Grizzly Male Non-Scrotal –22.44 +3.67 
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Appendix E:  Statistics for one-way ANOVA for differences in δ15N values among years 
(04-11 = 2004-2011), age classes (A= adult, J= juvenile) and between grids when they 
differed within years (F= Fortress, G= Grizzly) (df= 17, 198). *indicates statistical 
differences. 
Year, age, grid T P 
04J 
04A 
3.87 0.019 * 
05A 0.77 1.00 
05J 9.16 <0.01 * 
06A -0.90 1.00 
07AF 1.09 1.00 
07AG -0.61 1.00 
07J 4.78 <0.01 * 
08A -0.21 1.00 
09AF 2.72 0.39 
09AG -0.37 1.00 
09JF 10.03 <0.01 * 
09JG 5.66 <0.01 * 
10A 0.62 1.00 
10JF 5.84 <0.01 * 
10JG 1.65 0.98 
11AF 2.51 0.55 
11AG 0.02 1.00 
11JF 1.92 0.92 
11JG 4.81 <0.01 * 
05A 
04J 
-2.74 0.38 
05J 4.69 <0.01 * 
06A -3.63  0.04 * 
07AF -1.94 0.91 
07AG -3.36 0.09  
07J 2.41 0.63 
08A -4.20 <0.01 * 
09AF -0.71 1.00 
09AG -3.88    0.02 * 
09JF 5.73 <0.01 * 
09JG 2.66 0.44 
10A -3.30 0.10 
10JF 3.10 0.18 
10JG -1.09 1.00 
11AF -1.42 1.00 
11AG -3.48 0.06  
11JF -0.61 1.00 
11JG 1.17 1.00 
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Year, age, grid  T P 
05J 
05A 
 
7.43 <0.01 * 
06A -1.39 1.00 
07AF 0.41 1.00 
07AG -1.12 1.00 
07J 4.14 <0.01 * 
08A -0.98 1.00 
09AF 1.83 0.95 
09AG -1.03 1.00 
09JF 8.35 <0.01 * 
09JG 4.76 <0.01 * 
10A -0.24 1.00 
10JF 5.03 <0.01 * 
10JG 1.013 1.00 
11AF 1.47 0.99 
11AG -0.68 1.00 
11JF 1.33 1.00 
11JG 3.71 0.03 * 
06A 
05J 
 
-7.46 <0.01 * 
07AF -5.97 <0.01 * 
07AG -7.19 <0.01 * 
07J -0.56 1.00 
08A -9.72 <0.01 * 
09AF -5.05 <0.01 * 
09AG -8.74 <0.01 * 
09JF 1.26 1.00 
09JG -0.94 1.00 
10A -8.55 <0.01 * 
10JF -0.22 1.00 
10JG -4.69 <0.01 * 
11AF -6.37 <0.01 * 
11AG -8.26 <0.01 * 
11JF -3.93 0.02 * 
11JG -3.17 0.15 
07AF 
06A 
1.60 0.99 
07AG 0.23 1.00 
07J 4.76 <0.01 * 
08A 0.79 1.00 
09AF 2.85 0.31 
09AG 0.60 1.00 
09JF 8.27 <0.01 * 
09JG 5.34 <0.01 * 
10A 1.31 1.00 
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Year, age, grid  T P 
10JF 
06A 
 
5.58 <0.01 * 
10JG 2.04 0.87 
11AF 2.62 0.47 
11AG 0.86 1.00 
11JF 2.26 0.73 
11JG 4.42 <0.01 * 
07AG 
07AF 
 
-1.36 1.00 
07J 3.59 0.0448 * 
08A -1.26 1.00 
09AF 1.21 1.00 
09AG -1.30 1.00 
09JF 6.86 <0.01 * 
09JG 4.00 0.012 * 
10A -0.64 1.00 
10JF 4.33 <0.01 * 
10JG 0.59 1.00 
11AF 0.82 1.00 
11AG -1.00 1.00 
11JF 0.91 1.00 
11JG 2.86 0.30 
07J 
07AG 
 
4.57 <0.01 * 
08A 0.49 1.00 
09AF 2.59 0.49 
09AG 0.32 1.00 
09JF 8.01 <0.01 * 
09JG 5.11 <0.01 * 
10A 1.02 1.00 
10JF 5.37 <0.01 * 
10JG 1.82 0.95 
11AF 2.34 0.68 
11AG 0.59 1.00 
11JF 2.06 0.86 
11JG 4.17 <0.01 * 
08A 
07J 
 
-4.95 <0.01 * 
09AF -2.80 0.34 
09AG -4.84 <0.01 * 
09JF 1.37 1.00 
09JG -0.19 1.00 
10A -4.46 <0.01 * 
10JF  0.31 1.00 
10JG -2.92 0.27 
11AF -3.33 0.10 
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Year, age, grid  T P 
11AG 
07J 
-4.60 <0.01 * 
11JF -2.50 0.56 
11JG -1.56 0.99 
09AF 
08A 
2.97 0.24 
09AG -0.20 1.00 
09JF 10.57 <0.01 * 
09JG 5.90 <0.01 * 
10A 0.85 1.00 
10JF 6.06 <0.01 * 
10JG 1.81 0.95 
11AF 2.82 0.33 
11AG 0.20 1.00 
11JF 2.06 0.86 
11JG 5.13 <0.01 * 
09AG 
09AF 
-2.83 0.32 
09JF 6.03 <0.01 * 
09JG 3.10 0.18 
10A -2.22 0.76 
10JF 3.50 0.06 
10JG -0.48 1.00 
11AF -0.56 1.00 
11AG -2.49 0.57 
11JF -0.07 1.00 
11JG 1.76 0.96 
09JF 
09AG 
9.61 <0.01 * 
09JG 5.64 <0.01 * 
10A 0.91 1.00 
10JF 5.84 <0.01 * 
10JG 1.81 0.95 
11AF 2.62 0.47 
11AG 0.35 1.00 
11JF 2.07 0.86 
11JG 4.78 <0.01 * 
09JG 
09JF 
-1.90 0.93 
10A -9.45 <0.01 * 
10JF -1.13 1.00 
10JG -5.54 <0.01 * 
11AF -7.36 <0.01 * 
11AG -9.14 <0.01 * 
11JF -4.75 <0.01 * 
11JG -4.22 <0.01 * 
10A 09JG -5.24 <0.01 * 
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Year, age, grid  T P 
10JF 
09JG 
0.55 1.00 
10JG -3.16 0.15 
11AF -3.81 0.02 * 
11AG -5.34 <0.01 * 
11JF -2.64 0.45 
11JG -1.61 0.98 
10JF 
 
 
10A 
 
 
5.47 <0.01 * 
10JG 1.25 1.00 
11AF 1.92 0.92 
11AG -0.52 1.00 
11JF 1.56 0.99 
11JG 4.29 <0.01 * 
10JG  
 
10JF 
 
 
-3.53 0.05  
11AF -4.16 <0.01 * 
11AG -5.56 <0.01 * 
11JF -3.03 0.21 
11JG -2.12 0.83 
11AF  
 
10JG 
 
0.06 1.00 
11AG -1.54 1.00 
11JF 0.34 1.00 
11JG 1.97 0.90 
11AG  
11AF 
 
-2.22 0.76 
11JF 0.35 1.00 
11JG 2.53 0.53 
11JF 
11AG 
1.82 0.95 
11JG 4.40 <0.01 * 
11JG 11JF 1.45 1.00 
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Appendix F: Results of one-way ANOVA for differences in δ13C values among years 
(04-11 = 2004-2011), age classes (A= adult, J= juvenile) and between grids when they 
differed within years (F= Fortress, G= Grizzly) (df= 17, 198). *indicates statistical 
differences. 
Year, age, grid  T P 
04J  
04A 
 
 
-0.87 1.00 
05A  -5.26 <0.01 * 
05J  -5.32 <0.01 * 
06A -3.63 0.04 * 
07AF -2.90 0.28 
07AG -2.31 0.71 
07J  -2.46 0.59 
08A  0.16 1.00 
09AF  -2.84 0.31 
09AG -2.06 0.86 
09JF -1.37 1.00 
09JG  -2.50 0.56 
10A -4.8 <0.01 * 
10JF -0.49 1.00 
10JG -1.80 0.96 
11AF -0.72 1.00 
11AG -3.25 0.12 
11JF 2.94 0.25 
11JG -5.22 <0.01 * 
05A 
04J 
 
-3.90    0.02 * 
05J -3.94    0.01 * 
06A -2.73 0.39 
07AF -1.99 0.89 
07AG -1.51 0.99 
07J -1.86 0.94 
08A  1.04 1.00 
09AF -1.85 0.94 
09AG -1.00 1.00 
09JF -0.49 1.00 
09JG -1.74 0.97 
10A -3.24 0.12 
10JF 0.09 1.00 
10JG -1.09 1.00 
11AF 0.19 1.00 
11AG -2.08 0.85 
11JF 3.32 0.10 
11JG -4.0 0.012 * 
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Year, age, grid  T P 
05J 
05A 
 
-0.05 1.00 
06A 0.45 1.00 
07AF 1.34 1.00 
07AG 1.67 0.98 
07J 0.60 1.00 
08A 5.62 <0.01 * 
09AF 1.75 0.97 
09AG 3.03 0.21 
09JF 3.22 0.13 
09JG 1.24 1.00 
10A 1.10 1.00 
10JF 2.84 0.32 
10JG 1.90 0.93 
11AF 4.29 <0.01 * 
11AG 1.89 0.93 
11JF 6.07 <0.01 * 
11JG -0.40 1.00 
06A 
05J 
 
0.49 1.00 
07AF 1.39 1.00 
07AG 1.71 0.97 
07J 0.63 1.00 
08A 5.68 <0.01 * 
09AF 1.79 0.95 
09AG 3.09 0.18 
09JF 3.27 0.12 
09JG 1.28 1.00 
10A 1.16 1.00 
10JF 2.87 0.29 
10JG 1.94 0.91 
11AF 4.34 <0.01 * 
11AG 1.94 0.91 
11JF 6.11 <0.01 * 
11JG -0.35 1.00 
07AF 
06A 
 
0.75 1.00 
07AG 1.06 1.00 
07J 0.23 1.00 
08A 3.82 0.02 * 
09AF 1.04 1.00 
09AG 1.99 0.89 
09JF 2.23 0.76 
09JG 0.72 1.00 
10A 0.39 1.00 
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Year, age, grid  T P 
10JF 
06A 
 
2.19 0.78 
10JG 1.30 1.00 
11AF 2.98 0.24 
11AG 1.08 1.00 
11JF 5.09 <0.01 * 
11JG -0.76 1.00 
07AG 
07AF 
 
0.35 1.00 
07J -0.37 1.00 
08A 3.09 0.18 
09AF 0.26 1.00 
09AG 1.20 1.00 
09JF 1.50 0.99 
09JG 0.04 1.00 
10A -0.54 1.00 
10JF 1.60 0.99 
10JG 0.63 1.00 
11AF 2.23 0.76 
11AG 0.25 1.00 
11JF 4.58 <0.01 * 
11JG -1.6 0.98 
07J 
07AG 
 
-0.64 1.00 
08A 2.47 0.58 
09AF -0.12 1.00 
09AG 0.74 1.00 
09JF 1.05 1.00 
09JG -0.29 1.00 
10A -0.93 1.00 
10JF 1.25 1.00 
10JG 0.29 1.00 
11AF 1.71 0.97 
11AG -0.16 1.00 
11JF 4.14 <0.01 * 
11JG -1.92 0.92 
08A 
07J 
 
2.57 0.51 
09AF 0.58 1.00 
09AG 1.27 1.00 
09JF 1.51 0.99 
09JG 0.38 1.00 
10A 0.03 1.00 
10JF 1.64 0.98 
10JG 0.86 1.00 
11AF 2.02 0.88 
11AG 0.58 1.00 
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Year, age, grid  T P 
11JF 
07J 
4.09 <0.01 * 
11JG -0.84 1.00 
09AF 
08A 
-3.06 0.19 
09AG -2.29 0.72 
09JF -1.54 1.00 
09JG -2.65 0.45 
10A -5.24 <0.01 * 
10JF -0.58 1.00 
10JG -1.93 0.92 
11AF -0.89 1.00 
11AG -3.54 0.05  
11JF 2.91 0.27 
11JG -5.52 <0.01 * 
09AG 
09AF 
 
0.99 1.00 
09JF 1.32 1.00 
09JG -0.20 1.00 
10A -0.91 1.00 
10JF 1.45 1.00 
10JG 0.43 1.00 
11AF 2.11 0.83 
11AG -0.03 1.00 
11JF 4.55 <0.01 * 
11JG -2.00 0.89 
09JF 
09AG 
 
 
0.44 1.00 
09JG -1.03 1.00 
10A -2.27 0.73 
10JF 0.78 1.00 
10JG -0.35 1.00 
11AF 1.26 1.00 
11AG -1.14 1.00 
11JF 4.08 <0.01 * 
11JG -3.20 0.14 
09JG 
09JF 
-1.31 1.00 
10A -2.51 0.55 
10JF 0.44 1.00 
10JG -0.67 1.00 
11AF 0.70 1.00 
11AG -1.48 0.99 
11JF 3.60 0.05 * 
11JG -3.38 0.085  
10A - 
09JG 
-0.51 1.00 
10JF - 1.46 1.00 
10JG 0.55 1.00 
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Appendix F cont’d. 
Year, age, grid  T P 
11AF 
09JG 
1.94 0.91 
11AG 0.18 1.00 
11JF 4.24 <0.01 * 
11JG -1.50 1.00 
10JF 
10A 
 
2.25 0.74 
10JG 1.21 1.00 
11AF 3.68 0.03 * 
11AG 0.99 1.00 
11JF 5.67 <0.01 * 
11JG -1.44 1.00 
10JG 
10JF 
 
-0.94 1.00 
11AF 0.04 1.00 
11AG -1.54 0.99 
11JF 2.64 0.45 
11JG -3.02 0.21 
11AF 
10JG 
 
1.26 1.00 
11AG -0.48 1.00 
11JF 3.72 0.03 * 
11JG -2.12 0.82 
11AG 
11AF 
 
-2.39 0.64 
11JF 3.28 0.11 
11JG -4.35 <0.01 * 
11JF 11AG 
 
4.81 <0.01 * 
11JG -2.14 0.81 
11JG 11JF -6.13 <0.01 * 
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